The nudeotide sequences of tobacco chloroplast genes for elongator tRNA Met 
INTRODUCTION
Chloroplasts contain their own tRNAs which are believed to been coded in chloroplast genomes (1) . Chloroplast tRNA genes so far analyzed have, both prokaryotic and eukaryotic features.
Sequences similar to E. coli "Pribnow box" and "-35 region" are found in regions upstream from chloroplast tRNA genes (2-6) and the sequences of chloroplast tRNAs show higher homologies with those of bacterial tRNAs than those of eukaryotic cytoplasmic tRNAs (7) . On the other hand, the 3' terminal CCA sequences of chloroplast tRNAs are not encoded by chloroplast DNA (2) (3) (4) (5) (6) (8) (9) (10) (11) (12) (13) and introns have been found in some chloroplast tRNA genes (8) (9) (10) . However, the introns of chloroplast tRNA genes are very long (458 to 949 bp), compared with those of eukaryotic nuclear tRNA genes (13 to 60 bp).
Spinach chloroplast tRNA
Met and tRNA V genes are reported to be located in the vicinity of the genes for 6 and e subunits of ATPase and the large subunit (LS) of ribulose-l,5-bisphosphate carboxylase (1, 14) . Recently we determined the nucleotide sequences of the LS (15, 16) Clal-BamHI fragment was labeled with !2 P. After strand separation by 5% polyacrylamide gel electrophoresis, the^ 32 P-labeled coding strand was hybridized with total tobacco chloroplast tRNAs (0.5 yg) at 58°C for 4 hr in 20 yl of 60% fqrmamide, 0.04 M PIPES-NaOH (pH 6.8), 0.5 M NaCl and 1 mM EDTA (f9). The hybridization mixture was diluted with 280 yl of 3*0 mM Naacetate (pH 4.6), 1 mM ZnSCU, 0.25 M NaCl and 20 yg/ml denatured calf thymus DNA, and digested with 4.5 units of SI nuclease (Sigma) at 37°C for 1 hr. The protected fragment was electrophoresed in a 12% polyacrylamide gel containing 7 M urea in parallel with the sequencing ladder of the coding strand. Northern blot hybridization Total tobacco chloroplast RNA was prepared as described (15) . RNA was incubated in 1 M glyoxal, 50% dimethyl sulfoxide and 10 mM Na-phosphate (pH 7.0) at 50°C for 1 hr and electrophoresed in a 1.2% agarose gel containing 1 mM Na-phosphate. After electrophoresis, RNA was transferred from the gel to nitrocellulose filter (Schleicher & Schuell, BA85) and immobilized by the method of Thomas (20) . 
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( Fig. 1) . Judging by the anticodon sequence, it is a tRNA e gene (Fig. 3a) . It should be an elongator tRNA gene because it shows significantly higher sequence homology with the elongator tRNA Met (97%) than with the initiator tRNA Met (51%) of spinach chloroplasts (21, 22) . The sequence of tobacco chloroplast elongator tRNA deduced from the DNA sequence shows 71% homology with that of E. coli and below 54% homology with those of yeast, mammals and rat mitochondria (7) . The location of intron in the tRNA gene was determined by a 190 bp Hinfl fragment which contains a portion of the 3'-half exon was annealed with total tobacco chloroplast tRNAs and treated with SI nuclease. The major Sl-resistant DNA fragments were determined to be 5'-ACCG and 5'-CCG (Fig. 4) . This
indicates that the intron is located at position either 36/37 or 37/38 of the tRNA (Fig. 5a ). Hybridization experiments using total tobacco chloroplast tRNAs indicated that these tRNA genes were expressed ill vivo (data not shown). Two "Pribnow box"-like sequences TATGATA (2553-2547) and TATAATC (2544-2538) and two "-35 region"-like sequences TAGAT (2578-2574) and TTG (2568-2566) were found in the region upstream from the tRNA gene. Likewise, in the region upstream from the tRNA a (UAC) gene, two "Pribnow boxes" TATCTTG (2632-2638) and TAAAATA (2659-2665) and two "-35 regions" GTTGA (2608-2612) and TTGACA (2636-2641) were found. Possible secondary structures of putative transcripts contain- Fig. 3b and Fig. 5b .
To detect a precursor RNA molecule for the tRNA Val (UAC), the following hybridization experiment was carried out. Total tobacco chloroplast RNA extracted from young tobacco leaves was loaded on a 1.2% agarose gel. After electrophoresis, the RNA was transferred to nitrocellulose filter and hybridized with 32 P-labeled 337 bp Clal-Hinfl fragment (positions 2783-3119) containing a part of the intron. The DNA fragment hybridized to an RNA band of about 750 bases (Fig. 6) 
